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PART I 

OBJECTXVES 



These are the obgsctives of this themis& 

l, To prove the importance of color in architeoture, 

2, To provide a referenoe sussaarising briefly what 1s known about 

color, 

3 ~ To test my own color sense. 

To arrive at conclusions on the approach to color in architeo 

tural train1ng, 

Good design can bs spoiled by poor oolor, Weak design can be helped 

by good color. Color is therefore of prime importance as an integral 

element of architectural design, 

Color 1s vitally related to man in many fields, The study of archi 

tscturs involves the study of living a thorough inspection of the 

behavior of man, Color in architecture, then, can be understood only by 

studying oolor in many fields. 

%g&pose you, as sn architect, were asked these questionst 

"What color should a factory be painted?" 

"WQ. 1 this color of brick look good on this house7" 

"What sort of lighting should be put in a restaurant7" 

"Cc you like the colors of that buildingV" "tky2" 



"Hcw are oolors exactly specified?s 

"How do you ~ the use of color in modern art?" 

"Hhat is colo~lindnsss?" 

To be able to answer such questions, you would need considerable 

knowledge of the fundamentals of color. Perhaps not every architect 

should be able to supply sll the answers, but every arch1tsctural firm 

should possess this knowledge, 

To begin withe something of the history of color should be known, 

Then should come a stud;- of color through physics, through phys1ologyv 

through psychology, through art, and through illuminating engineering, 

The scientific study of color began with Newton in 1666~ but most of our 

knowl~e of color was obtained much more reoently. a study of color in 

various fields will involve, of course, repeated overlapping of those 

fields+ 

This research will prove somewhat futile if I do not have either a 

good color sense or the capacity to develop a good color sense. One way 

of testing my color sense is by checking my oydnion against public 

opinion. Such a test is included here in Part III ~ & further shook 

against professional opinion may prove something, 



Any oonclusions which I draw will necessarily be personala depending 

on my own color sense, However, the "approach" to oolor is different 

from arbitrary assumptions about colori A proper approach to color will 

involve not only the application of what is already known~ but also 

continual experimenting. Such an approach must eduoate both arohd. tectursl 

students and their instructor, 



WHAT ZS KNOWS 

Ai3OUT COLOR 



HISTORY 

In anoient days oolor was related to the supernatural rather than 

to the esthetic, The hgyptian sun god» Ra» was said to have risen frc»s 

earth to sky» where hs controlled lightness and darkness» thereby oon 

trolling the visibi1ity of oolor, The huss of the rainbow were oonsidered 

sacred and were made a part of hieroglyphios, 

The "golden Ags" of Greece was full of color ~mbolism, Garments 

were a sign of achievement» notably the golden robe of Athena. Purple 

was worn to recite the sea travels of Ulysses» while red was worn to 

recite ths Iliad, 

The Orient promoted the sacredness of yellow, which was the color 

of Hrahmaniam ~ of Ouddha, and of Oonfucius. Oonfucius hated purple 

beoause to him it con&sad with red» "Past as goody-goodies confuse 

with virtuous people", 

The Mohan»nedans favored green and gold» while Judaism and "hris 

tianity mentioned various colors, 

Ancient. buildin»s wars given colors which related to planets» as 

the Temple of Hebuchsdnessar at 3srsippa whose seven colors were rela 

ted to seven plan&to» including the sun snd the moon. One of the oldest 

buildinr s of history ~ about 2300 d, O, » the "Mountain of God" between 

Ragdad and the Persian Gulf» was colored to signify the underworld» the 

earth, the heavens, and the sun, This may have been the hase of 

Abraham 



Color is significant in astrology, There is a color for eaoh sign 

of the Zodiac, In ancient Chinese astrology» the colors of the planets 

forecast ths weather and the prospects for war, 

pride in skin color has characterised all races, Indeed» history 

shows that races were designated b" color by the E~q»tlans» by the 

As»CMans» by the Arabs» by the Indians with their castes specified by 

color, and even by. present~ reference, 

Color has been related to healing since the days of Hermes 

Trismegistus of Epypt, Home ancient miracles were related to color 

rather than to chm-istry, Ai'ter Hippocrates» opinion on color as a 

healing force was divided between the mystics and the clinicians. 

Avioenna the Arabian in the 10th and 11th centuries used color as 

a guide in diagnosis, also as a curative. Avioenna noted the signifi 

canoe of the color of hair, skin» e»es» excrement» and urine, He 

assigned hot te. . psrsments to people with black hair» cold tempermaents 

to people with brown hair, and equable tenperamcnts to people with tawny 

hair, He declared that red light stimulated the movement of blood& blue 

light soothed it, 
Amulets and gems have been recorded as having protective and healing 

power accordin, to color, Amulets were preferred in this orders red» 

blue, yellow, green, white. Hearing colored amulets supposedly assured 

health, happiness, prosperity, and protection against the "Evil Eye" ~ 

Gens are still used in modern hospitals in India according to ancient 

prescription» crushed and mixed in medicines, these valuable fragments 

are successful curatives without medical explanation, 

The aura of the human being aU. egedly reveals true character by 



its color. The human aura is a fine ethereal radiation around the figures 

described by lElner, Sa~, and others. Ned indicates anger, sensuality. 

Greens bluea yellow indicate benevolence, nobility, inteD. ect, Slaok and 

gray indicate malice and fear ~ 

8 Co 

Yellows Host luminous but least popular colora particularly the 

dark hues, Sacred in China and in European Christianity, Yet in 

10th-century France the doors of criminals and traitors were painted 

yellow, Yellow was fashionable from 1890 to 1900 among painters, illus 

trators, authors, clothiers, However, in days of olds quarantined ships 

flew a yellow flag~ and the terms "yellow dog" and "yellow streak" ~ 
today, Nevertheless~ yello-i is beautiful when properly used, 

Node Stron est, most attraotive color, First color named in primi 

tive languages, and the color most used in primitive classical art 

(probably to contrast with sky and vegetation) ~ Ned indicates dangera 

rage, strifep courage, virility In China red symbolized marriage~ in 

the Occident martyrdom, ged li-ht accelerates the pulse. ked is most 

popular with women, Sright red is stimulatin-, but too much is tiring, 

Slushy Slue is serene, passive, cool. Spaniards and Venetians of 

the elite classes recognized the aloof di;city of blue and black in 

clothingi In the church, blue ca-e to s-~bolize sincerity and hope, 

Still used are the expressions "blue-blood" and "true~~luce, 

Greens Neutral, restful, Green indicates freshness, imnaturity, 

In religion green sym~olizes faiths contemplation, The green olive 



branch is a symbol of peace, the laurel wreath a symbol of immortality 

Purple t Rich, impressive, traditionally royal. iso related to 

old age, 

Violett The Rineties were known as the Youve Recede, 'That era was 

also the end of the reign of the Uowsger Creen Victoria, Violet is re 

tiring, melancholy, Symbolises women no longer fruitful» or priests in 

celibacy, 

ted. tei Positive, luminous~ delicate, Used for weddings in the 

United States, but signifies mourning in Chinai Symbol of puritys truth, 

@iso used for surrender or truce, 

Slack& Uspresslng, gloomy, solemn, Related to secreoy, terrors 

death, Expressionst "black hand"s "black spot" ~ Yst black can be 

smartly fcxmal, 

Gray& Sedate~ humble, negative. Good background for most colors, 

It suLy be concluded that any color can be attractive or repulsive 

by assooiation or combination, History points out the importance of 

color to man, The architect must apply the lessons of history and other 

fields to use color to man~s advantage, 
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PHvSICS 

Color is lights which comes mainly from the sun, The eye differen 

tiates kinds of light by their wave length. Thus color is deternined by 

wave-length. Colored light is the visible portion of radiant energys 

which travels through space b. clectromafnetic waves, 

In 1666 S1r Isaac Newton cut, s small circular hole in a window shades 

directed a sunbeam through a triangular prims, and on a white surface 

produced the spectrms colors". rsd, oran e, yellow, green, blue, indigos 

violet. In effect, each color traveled through the plass with a different 

velocity, so that eaoh color had a di, fferent, wave-length. These wave 

lengths have been named angstrom units (ons one-hundred-millionth of a 

centimeter) ~ which range from 4000 for violet to 7000 1'or red. Such 

wave-lengths can be measured very accurately, 

The color spectra, thon, is various visible wave lengths of radi- 

ant snerg, -. Newton showed that these ave-lengths directed throu, , h a 

second prism reproduced white, Thus white is the combinat, ion of all 

colors, 

It has been shown that spectra produced through various prisms vary 

only in the a~cunt of each kind of li ht, not in the colors, 

The rainbow 1s a synthesis of s"all spsotra of individual drops of 

water, 

Each color is 11ke a musical note a vibrator„;- phenomenon. Bsd 

with its low frequency and long wave-length is analagous to a deep 



souI!dp while violet with its high frequency and short wave-length suggests 

a shrill sound. One sound with half the wave-lengt, h of another is an 

octave higher, Thus ws have almost an "octave" of color in the visible 

spectrum, %at the ear can hear about eleven octaves of sound, 

Just beyond the ends of the visible color spectr«n« lie two invisible 

rays s ul!, ra-violet be~r & violet, infra-red bc„md red, The color por 

tior. of the radiant energy spectrum is comparatively mall) a majority 

of the rays are not expressed in visibility, 

Tho colors wc see depend upon the light source, the rei'lecting sur 

face~ and the ros ~tin, - sensation, All the colors we see must be in the 

Light. source. On a white surface~ a red ~t wiLL show red, since, Mte 

reflects all the colors of a light source. The fact th t the surface 

appoarcd white in the first, place res&ted from its reflection of white 

sunlight, which consists of all the spectral colors, 

Color is p:oduced b; addition or subtraction. 3y addition, blue and 

yellow light make white li, ", ht, but by subtraction~ blue and yellow pigment 

make green pigncnt. "ubtraction depends on the chemical or molecular 

character of pigments~ which absorb erne li;, ht rays, reflect others, Bed 

light on etc pigaent shows red, but red LLGht on green pignent shows 

black because green plant absorbs all red ' i hta and '. here i- no other 

souros light to be reflected, Colors seen under white Light msy appear 

only as variations of yellow under an electric sodium vapor lamp. Under 

kerosene light, bright blue appears brown, while white appe-rs dark 

oranpe, A certain sweetpea looks blue~a in daylight» red-purple in 

electric light, 

Frequent reference is n««de to the warmth or coolness of color, 

Physics can attest with a +hcnnopile that red is relatively warn, blue 



relatively cool, dreen and red-purple neutral, 

The iridescence or opalescence of some colors results from refracticn 

or diffract!or due to surface structure. poussples are soap bubbles, oil 

f iims e sea shell s, ceramLc biases, bird f eathers, crystal s e gas ~ 

It is obvious that, a basic knowled e of its physics is essential to 

the under"t ndinL of color, 
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PHYSIOLOGY 

o or 

The eyes, explained in a short sentence, are much like television 

camera. as 

The smooth, almost spherical outer surface of the eys is called the 

oornea, 4 liquid fills the area between the cornea and the crystalline 

lens, This lens is doubly convex~ ad)usta its own curvature b, " its 

ciliar- muscles, The process of ad)ustment is called "accommodation" ~ 

Similar to the iris diaphramn on a photographic camera, the pupil 

of the eye ad, &sts the amount of light entering the eye to the photogra 

phic speed of the lightmensitivs retina, The pupil&a diameter varies 

from two to eight millimeters, the amount of linht entering the eye vary 

ing in a ratio of one to PO ~ The intensity of the stimulus may vary in a 

ratio of one to ten billion, yet the eyes can discus a difference in 

intensity of illumination of only one percent, 

In the space between the lens and the retina is a transparent gela 

tinous substance. The retina is the membrane of the inner lining, has a 

network of nerve ends called rods and cones, There is a oentral yellow 

spot in the retina called thc macula, between 1/16 inch and 1/8 inch in 

diameter, The center of the macula, the fovea csntralis, about I/Q 

inoh in diameter, contains practically all the cones, 

Each cone has its own nerve conneotion to the crain, The rods and 

the fsw cones in the periphery of the retina have grouped nerve connec 

tions to the brain, 



~. 6 

There are about seven million cones in the fovea. Their function is 

to transmit detail and color, There are about 130 million rods, Their 

function is night vision, 

W image is fenced on the retina in 5mrerted position, A replica 

of the image is correctly seer. in the brain, but this replic- is not like 

a photographic imam. '&e see throng+ our e- es, but our brai» gives us 

the picture, 

The fibers cf' the optic nerve tc the brain am electro chms5cal ~ 

The mystery of the process whic& produces the fin". I 1uagc has never been 

solveda 

Incidentally, the eye has a small blind spot vhcre thc optic nerve 

connects, 

The cortical region of the brain has a larger aron — or »ore gray 

matter — devoted to foveal than to peripheral vision, ecphasising the 

prime importance of thc cones in transmitting det il and =olor, The 

ri~ht side of the brain controls thc left side of' the bod! . Correspond- 

ing halves of both retinas connect eith t?. eir own side of the brain, 

The eye operates in minute )crks~ controlled by three pairs of 

muscles& one pa!r for »p and down movement, one pair for side to side 

movement~ one pair for linc-of~i ht wd. al move»ent, 

Tsenty minutes or more are required to ad)us+ tc rod vision at night, 

Man hss neither the best da;. . li. , ? t visior. nor the best ni ht vision of 

creatures~ but he hcs the host all-purpose vision, 

Ail mammals~ eyes are blue et birt?. no pigment yet 

Bed is aggressive because it, tends to focus benind the retina. The 

lens must bulge to focus it on the retina, makin, . red se~ closer. Blue 

is retirinr because it tends to focus in front of the retina, The lens 
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must ~tten to focus blue on the rotinc, making blue seem more distanti 

These fact- account for 'he;0brator„effect between red anri blue seen 

simultaneously. Other colors are relatively neither aggressive nor 

retiring, 

4 basic hnowledge of the, !oh rior of thc eye is scen to be another 

fundamental recpuiresent iu th! attempt t~ underst . . '. d color 



PSYCHOLOGY 

Our most rmnarkable physical eke. is that of our eyes~ which ws 

train unconsciously but continuously from babyhood, Yet, what we see 

before us is not necessarily what is actually there, but only what our 

eyes by association - tell us is there, Our mental pictures are not 

necessarily shared by others. Each of us may have a dii'ferent interpre 

tation for abstraot ob)acts~ without recognizable forms in the same pic 

ture to give reliction and scale, Something we' ve never before seen is 

related to familiar objects by our visual~ental process. In the case 

of oolors we accept all colors without question, as long as the fonas 

related to the colors are known to have such colors, 

Helmholts used the term "unconscious inference" to explain our 

ability to see two colors in glossy surfaces. It is debatable whether 

we see a mixture of the surface color and the reflected colors see both 

colors simultaneously, or imagine one color continuing across the other, 

The experience of thc individual mind simplifies such complexities. 

Spatial relationships are observed only b; the interception of light, 
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Color is the experience of light~ connoting richness and health, satisfy 

ing the nervous system, 

Color moods may be warm, colds gay, sade exciting, relaxing, ets, 

Psychology tests have indicated that the most exoiting oolors are deep 
and 

orange, soarlets yellowmrange, The most tranquilising colors are yellow 

green and green, The most subduing colors are violet ance pu. vple. 

Jaensch concluded fram research that people attracted to warm colors 

are receptive, adaptable to social environment, warm in emotiont extro 

verts, People attracted to cold colors are the opposite detached from 

, p the world, cold in emotions introverts& 

&right outdoor light sems to be conducive to muscular aotivity, 

while d1~ indoor li„ht is conducive to mental activity. Kurt Goldstein 

found that red provides a good msotionai background for ideas, green a 

good background for the fulfillment of ideas, 

The theater traditionally relates colors to emotions. The colors of' 

tragedy are gray, blues purple, The colors of comedy are red, yellows 

orange, Red indicates vigor, yellow is for )oy and w~h, green means 

abundance and healths blue stands for spirituslit. - and thought, white is 

for seat, brcn~n is for melancholy~ gra. ; signifies ages and black denotes 

glooms 

Same interesting experiments have been perforr~ed rel, ting colors to 

sound. Low pitch sounds tend to shift colors seen simultaneously to 

deeper hues, while hig? pitch sounds make colors sess more pale. In 193$ 

Kravkov of gussia studied the effects of sound on the sensitivity of 

the rods and cones of the eye. He found th. t sound decreases rod sensi 

tivity, increases cone sensitivit„ to green and blue, decreases cone sensi 

tivit; tc red and orange. . ith sound, then, we see cool colors betters 



wana colors not so welli 

To psychotics and neurotics, whose rational power is lated~ color 

is sign1ficant. In the Horschach inkblot testsa the desire to kill is 

shown by the choice of red, Feebleminded persons working with colors 

use much red, while infantile patients and sohisophrcnics use much 

yellow, 

The immediate effect of a color stimulus is followed by a reverse 

effect, For example~ the increase in blood pressure brought by viewing 

red is followed by a slight deorease in blood pressure, 

The Karwoski and Odbert test of college students showed that they 

rel;te slo:. music to the color blues fast musio to red, High notes 

suggest lipht colors, while low notes suggest dark colors, Fortissimo 

indicates oolors which are clear and heavy, 

Gswald Spangler assi~ed colors to musical instr ments, calling the 

horn copper„- yellow~ trumpets and trombones crimson~ the olarinct warm 

redWram. Albert Lavignac of the Paris Conservatory oompared colors 

and instr. ments thus' brown for the bassoon, som~er and timid~ violet 

for the En lish horn, melanoholy and resi~ed~ blue for the flute, 

ethereal and transparent; blue for the st~;s, seemingly distant~ green 

for the oboe, rustic and crude~ white, grays and bla. ck for the peroussion 

instruments, with the trian~le silvery, 



Sound and color have been compared since Aristotle, In the 16th 

century Arcimboldo of Nilan devised a color soale similar to a music 

coals, Lavlgnac related music to painting. Scriabin of kxssia in 1911 

produoed "Prometheus, the Pomii of Fire", a musical composition accompanied 

by oolorsd lights. The first attempt to sake a color organ was in 1757 

by Castel, a Jesuit priest and mathematician. In the United Statsss 

Thomas Uil fred designed the "Clavilux" ~ This instrument presents color 

patterns on a screens but no iausic is incorporated, 

Canmon phrases are "see red"~ "business in the red", "red herring" s 

"red cent") "yellow )aurnalism", "yellow; streak "i "greenhorn "~ "green 

with envy"~ "feeling blue" "blueblood" ~ "blackmail" "blacklist"; "white" 

for the vanity of the Cauoasian race~ and many others, 

University and college faculties in the United States use colors 

which were assifned in 1893' 

Scarlet s Theology 

Kite & Arts and Letters 

Plus & Philosophy 

Orange s &ngineering 

yellow: Science 

purple t Law 

~~en tlfedicine 

Pink 1 Nusic 



Tiny infants prefer yellows children prefer red and blue, For 

ohildren color is more i. porta. -it than form: children gi. ven a number oi' 

gemsetric cutmuts of various colors and asked to separate the cut~ts 

into groups which are "the same" will consider "sameness" to be color 

rather than shape, Among t~lor combinations, children prefer red 

and yellow or red snd blue, 

International statistics show that colors are preferred in the 

following orders ) 

Nenc blues redf green J violets orange, yellow, 

Nansnc reds blues green~ violet, yellow~ orange. 

American Indians and Filipinos place red first, ~ &runets tend to 

prefer red, blonds prefer blue Jaensch states that people in the tropics 

prefer warm colors because C. heir eyes are accustomed to predominant sun 

lights while people in the polar regions prefer cool colors because of 

predominant skyli -ht„ This is a matter of the physiological accommodation 

of the eyes to certain wave-lengths, 

The preference for blue increases with a;, e. The eye lens absorbs 

more blue as the fluid grows yellowish~ making the eye thirsty for blue. 

People like either compl~ents (colors which are psychologically 

directly opposite) or closely related hues. In combinations of li -ht 

and dark hues, people prefer lighC, variations oi hues which are normally 

light, dark variations of hues which are normally dark) 



Use pale green with dark blue~ not thc opposite, 

Use orange 'ouff "th deep vLolet, 

Usa pink with dark blue or purple, 

Use pale yellow with bro. s:, blue, or violet ~ 

Note~ however~ that nature uses much dark green with pale blue& trees 

against the sky, 

In sma11 areas, pure colors are preferred to shades and tints, but 

in large areas shades and tints are preferred to pure colors, Incidentally, 

good diet induces a preference for more subtle colors, 

persons whose color sense is as acute as those of taste, smell, and 

hear~ are the great colorists, 

Ths total number of colors which can be seen has been estimated at 

millions, but in a broader sense there are not so many. Fsychology lists 

four primariesi reds yaLLow~ blue~ green, In addition, there are the 

achrcmatic colors lack and whine. Yellow li&gt is a product of red and 

green light~ 'out 'he yellow sensation is considered unique, 

Tints are hues plus various amounts of whir, e~ no black, Shades are 

hues plus various amounts of black, no white, Tones rum hues plus various 

amounts of wid. te and black, 

Vstwa1d and hats applied the term "unrelated colors' to hues uf light 

and tv film colors, the term "related colors" to surface or ob5ect colors, 

& third t;pe ~iyht be tensed "volume color" (Kata), exemplified by ob5ects 

seen through fog, 



Ndte has already been explained as a combinat1on of all colors, 

Black is a color, t, oos since its sensation is different from a lack of 

all sensation. Black has low reflectivity but positive effect. Observe 

that black bscmaes blacker with more light on it, 
The vibrat1on between blue and red is beoause of different focus, 

Complementary colors librate only when they are of equal lightnessv of 

suff1cient purity, and ad)scent. 

The ear can separate the notes of a chord~ but the eye cannot se 

parate the components of a hue, A gray may bs composed of black and white 

or of red and green~ but the eye reads only gray, 

e s ' F 

highlight s seem opaque' but shadows seem transparent . There 1 s a 

d1fference in whites, as between silk and cotton, 

Blue eyes and red hair are not really «s chromatic as they sees, 

Colors in combination may change the effeot of each other& 

Cray looks li. -hter on black than on white, 

*«hite looks larger and bri, hter on a dav k background. 

Blue aocentuates the weath of orange, 

Ad)ascot hues induce their complements in each other, 

rong hues induce their complemen'. s in neutrals, 

A light, moderate hue 1s weaker on a black backgrounds stronger on 

a white background, 





Dark red or blue is weaker on a white back:. ~und~ stronger on a 

black background, 

The strongest contrast in form is obtained b. „. a atro~ oontrast of 

both hue and value, Stout women oan seen slimmer by wearing dark clothes, 

standing against light backgrounds 

Light itself is rarely scen~ but, colors tend to rmnain genuine re 

gardless of light intensity. Memory keeps the sky blue~ the grass greens 

and snow white, White surfaces still sean white when tinted, The oolor 

of the complexLon seems unchan~ despite illumination, This color 

constancy holds until li ht becomes very dim. When illumination is ds 

creased~ the seeing gob is assumed by the rods. Thus colors, which are 

seen only by the cones of the eye, become dimmer. 

Yellow and yellow~reen ars thc most visible spectral colors in day 

light, while blue~rasa is the most visible speotral color in dim light, 

Helson tested ths effects of colored lights on gray. He found that 

gray does not change under medium brightness. Under high brightnesss 

however~ gray take on the source hue, Under low bri;htness gray takes 

on the complement of the source hue, 

~Co ~oTg~er 

gome people relate colors to vowels or words, For such people, the 



relationship is established carly, in childhood, 

Jasnsch lists three t„-~s of image) one - the memory, which 

recoliects1 two after image, obtained by sterile", at a color~ then 

looking at white (or closing the eyes) and seeing the complement1 

three - eidetic, The eidetic is between sensations and images and is 
cannon to young ohildren, Eidetics may see after-images, but on shorter 

exposure they may see a reproduction of a hue or an exact reproduction of 

a silhouette, Thc eidetic faculty can be induoed by drugs or b1 hallu» 

cinations, 

Psychology is probably the most l~rtant aspect of color to be 

investigated, since architectural design must aim at psychological 

function and appeal 



Af TE R- I AAAQE- 

5TARE AT EITHER COLOR FOR 'i'a hh, lNUTE-, THEN 

0&& ITS COPAPLEMBt4T ON BLANK. WHITE SPACE 
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P S Y C H 0 P H Y S 1 C S 

Psychophysics relates physics~ physiology, and psychology by es 

tablishing laws relating the physical nature of light to its repeatable 

and measurable effects, 

The phenomena here listede as pointed out by %mph Ki Evans, lie in 

the field of physiology, but their measurement and specification belong 

to the sub)ect of psychop?g skeet 

1, Advancing and retiring colors, as red and blue, 

2, After image& staring at a color~ then secinr its complement 

either on white or by closing the eyes, 

3 ~ Simultaneous color contrast, 

Simultaneous contrast by saturation differences of the sano color, 

5 ~ Heisted colors, Orange related to white may seem more brown than 

when viewed alone, 

6i Hue shift with intensity. light on a cylinder may seen to re 

fleot different hues from different portions. A red cylinder 

msy seen orange on its hi. -blight, 

Spreading effects opposite of si-ultaneous contrast. 

A small area of color seems darker with a black line drawn 

around it, Example! a colored block letter outlined in black. 

Psychophysics studies these ard other phenomena from the light source 

through the reflectinp surface to the final image in the brain, 



HIOLOGY 

As late as the 17th century, men knew no more about color than did 

Aristotle, who oonsidered the primary colors to be whites black~ and 

yellow~ which he related to the eelements" of Pythagorass earth, fire~ 

water, air, 

After Newton's experiment with the spectrum, a number of theories 

were developed concerning color, According to L, H. Hardy~ the wave 

thsor„~, the electric theow of matter, and th~ atomic theory of energy are 

all defensible, 

Oespite his lack of scientific knowledge~ ancient man was aware of 

the value of sunWathing, Finally, in 1896, Hieis H, Finsen made a study 

of the actinic properties of sunlight, discovered the value of ultra 

violet liight in fighting tuberculosis. He won a Hobel Prise in 1903, 

It has been shown that a continued lack of sunlight causes a sort 

of hibernation in the human system. On the other hand~ too much radio- 

active energy can be dangerous, 

For plants, the length of exposure to light seems to be more impor 

tant than the intcnsit- of the light. The effect of colored light on 

plants has been studied b;, . Dr, Hithrow~ who reportss 
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Lon da;- plants such as the stock grow tallest under orange-red 

light, then red light, but the„neither grow tall nor flower under 

yellows greens blue, or infra-red light, 

ghort da;, plants such as the cosmos and oslv1a are retarded in their 

flowering by red, light 

Light has various effects on other plants, In Holland~ red neon 

li~ht is used to assist the gro"th oi' flowers and strawberries, 

Ve e rat 

Even the lowly amoeba oan be seen to be affected by lights for it 
adjusts itself . - s li -ht changes, 

Inseot. gath r ar«und blue light, but they are repelled ~y yellow 

and red light. Blue surfaces may brin-". dii'ferent recultss in &rance it 
was found that blue walls attracted fewer flies than walls of other 

colors. 1 yellow surface may bc used for an insect. trap, Insect be 

havior varies too much in various locations for cata'ilishing mug ruj. es, 

The mS. gration and sex activity of birds has been shown to depend 

more on light than on temperature, 

Colors apparentl; do not, affect, most mammals~ indeed~ most mammals 

are color-baird. vsn "nd apes are exceptions. Color has a physical 

effect on the human organism, though the medical profession hesitates to 

accept color therapy, 

The protective outer coloring of many ~sale is well known, . ", an 

has adapted this principle of camouflage to his own uso, but the ob. ;eo- 

tive is quite the opposite of that of architecture 



COLOR BLINDNEDS 

Among the various theories of color vision, the YoungWelmholts 

theory is the most generally accepted. It states that there are three 

types of cones in the eye, one type sensitive to red, another sensitive 

to greens a third sensitive to blue. work in color vision and color 

blindness assumes this tri-receptor mechanism~ 

Color-blindness may be congenital or it may be accpilred, but women 

need seldom worry, for lese than one-half percent of women are color- 

blind, while about ei-ht percent of men are afflicted, Nest color 

blindness is in the red-green category that is, reds and greens ~ 
difficult to distinguish from each other 

Apes, as well as men, see colors but other ma. als are color-blind, 

The bull is attracted by motion alone, not by oolor, 

Birds and turtles see color~ and no fish are known to lack color 

vision. Insects, however, see no red, only yellow, blue~ green, and 

violet, 

Fortunately~ color-blindness is not too prevalent among human 

bein . s, else this thesis would be in vain, 



'Color - a basic human need - is the modulation of li. -ht by the struc 

tuze of substances, subJect to shading and shadows, Color sensation has 

three qualities z 

Hue or color, detez-, oned by wave-length, 

Brightnoss or balue, by intensity o illu~tion, 

Baturation or depth - the color content, 

Children at first prefer zed and yellow, neglecting illumination and 

using value only to segregate shapes. Adults prefer red and blue, 

Colors cre relatively war. , or cool. AzC color can e made z:ar. . or or 

cooler by mixture with the appropriate neighbor in the color cirole, By 

simultaneous contra%, coloz s may appear larger or enaller, heavier or 

light, er, darker or paler, nearer or farther, 

The U. S. Bureau of ftandards says there are ten million colorsz 

but no szetmn of color notation presents more than about 1500, The speo 

trum is resolved into six to ten primary colors following the psychologioal 

law of the threshold of optimum discrhsination, 

Color har; ony has been desoribed as the balanced condition of the 

complementary energies. The potential energy of complements acts in the 

unconscious mind even when one of the complements is missing from a 

painting. 
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The co~on occidental complements are green and red, blue and yellow, 

These were used by the old painters but were interpreted differently 

Newton mentioned only gold and indigo as being complementary, while 

Goethe listed yellow and reglue~ blue and yell~ed~ purple and green, 

Ostwald and Hunsell, whose oolor notation systems have been developed for 

conte. porary uses listed these complements as basics 

yellow and nit~a 
iceWlue and orange 

red and sea~roon 

leaf~roon and violet 

yellow and purple-blue 

blue and yell~ 
red and blue-green 

green and red-purple 

purple and green yellow 

Ccmplements are detcmined either by psychological after-image or 

by pigment mixture. Supposedly each pair of pigmentary complements 

mixes to neutral ", rsy, but this is a sub]ective test considering the de 

velopment of scientific colorimetry. The basic ccmplenents are theseus 

yellow and blue 

red and g~lue 
green and red-violet 

Upms~ 
yellow and violet 

red and green 

blue and orange 

Goethe knew that shadows tend to show the oomplementary hue of the 

light source. This principal was used in old stage sets where shadows 

were painted thc complement of the light filters, 

Helmholts said, "A careful stud, , of the paintin-. s of the great, 



masters. . . , is of great importance for physiological opt1cs, " Physiological 

and psychological optics, art& and illuminating engineering are all rela 

teds not only to eaoh other but to architecture, 

The painter is one of the best ressarohers by oontinuous experiment 

ing, He builds spaces captures motion, records life, explores color, 

Primitives painted with abandon. Color areas were not handicapped, 

Forms showed local color regardless of illumination. Siss and shape 

ignored perspective, Prior to the Renaissance, painters avoided comps 

tition with or1ginal effects, used paints for their cwn organic glows 

relatinr them to each other rather than to realism. Byaantine, Florent1nes 

and venetian painters of the 14th and 15th centuries used colors in jux 

taposition which mixed fran a distance - a princ1ple known to aristotle 

Here began the real conquest of color 

The discovery of exact vanishing-point perspective produced a new 

objectivet to obtain a true optical appearance fran a single viewpoint, 

Renaissance painters pursuing perfect spatial illusion used color radiance 

only as an agent~ began losing the power of color, Pigments were used to 

absorb or reflect only to imitate actual effeots, Colors were mixed on 

ths palette frau the primaries~ red, yellows and blue. The colors thus 

obtained by subtraction were darker than any of the originals. Later came 

mixture by addition or the mixture of the U. ht, primariess red, green, and 

blue, producing colors 11ghter tlvm the originals, 

The impressionists and the exprsssionists freed th. mselves fary imi- 

tation. Celacroix and others discovered radiance, Radiance was achieved 

by f1ne shadinp~ underpaint1ngs transparent varnishing~ after-1"a, "e~ and 

juxtaposition of canplsmsnts. Pa1nters ~ed the palette in the eyes of 
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the spectat. or again the principle known to Aristotle, Colors were tested 

for movement ~ such as advancing or contracting. The painter became bolder 

in dissociating color surfaces from obJects, Accordion~ to Gycrgy Kepes~ 

"The color dots of the impressionist painterse through the color facets 

of Cesannei the decorative color pattorn of Gcuguin and Hatisse, reached 

full growth in the work of the cubist and attained a final purity and 

power in the work of Halevitch and Nondrian, " 

Gesanne used fine strokes on the canvas tc mix color in the eyes 

achieved depth with cu1or rather than with vanishing points. He showed 

that black or blue can be made to stand before white, 

Juan Gris mixed li, ht brown and black, obtained a hue »hich sugnes 

ted violet„ He then added violet to the surroundings for a special 

effect, 

Tiepolo avoided common muddy shadows on the face by painti~ shadows 

vs ldll on ~ 

Van Gogh got three values frcea one hue with thick strokes. His 

original desire was t, o give an illusionistic rendering of nature. In 

stead, he produced a fascinating color and light display, 

Benoir Pmtaposed red and green~ blue and yello; spots, 

Heurat set dots close together, achievin- vibration and precon- 

ceiving the method of color phot, ography, i, e. s green and red dots together 

look ycllo . He used color to create s„. nphonies of li, -. ht, used shapes 

onl, , to carry light ~ 

Fra Angelo and Qtticelli used thin green t, ones, then man„ fine red 

lines to give "- saintly effect to flesh, 

An old rule was that a paintinn should be viewed fro~ a distance 

eight, times its diagonal for full effect, 
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Rubens sketched with brown brush strokes on white, painting over this 

with a cressy, translucent white. The result was an orange rose skin tone 

with bluish transparent shadows ~ This was called the turbid mediums tur 

bid meaning layers of transparencies. 

Contemporary painters employ color in its perceptional impact, thus 

reprvinating emotions. Color has been discovered anew as a material of 

plastic oreation, 

Optical fidelity to one instant should not limit the spatial exten- 

sion of a painting, for time cannot be separated fram matter, Light and 

shade can be molded to explain an ob)ect without arresting it in time. 

Values can be controlled so that, forms appear to dissolve in the back« 

ground e 

A good color scheme should be appropriate snd unified, Some of the 

means for achieving color harmonyc 

l. geflsct balanced amounts and varietiec of chrasatic liight, 

2, gatisfy rhythn b. repetition of interml. 

3. suggest fons, directions spaoe. 

Please with similarities, 

5 ~ &ir with contrasts, 

6 Arouse welcome ms". . ories, 

Planned color chords should bs applied to compositions. First, the 

light and dark pattern of a canpositlon should be laid out on the drawing 

in neutral tones' Then a prslird. nary overlay should be made in colors 

taking care to develop parts simultaneously, 



i9 
It is necessary to know the beh, vier of pi~cut, for changing the 

value of a chromatic pigment also changes its hue and chrom~, Yellow plus 

black gives a greenish shade. A bit of red oould be added to counteract 

the green, but a simpler solution is to use raw umber instead of black. 

Hues are developed hy subtractive mixing, for pi„~ents reflect rein« 

ted wave«lengths. Ostwald called the composite sensation "scmimhrane" ~ 

The primary pigments are red, yellow~ blue; the secondary pigaents are 

green, orange, violet ~ Ad)scent hucs have maximm~. semi-chrome consonance, 

The most consonant triad interv& is red-ysllow&lue, 

When a color circle is organised on the basi, s of the primaries and 

secondaries, the basic har"onics are conplsments~ triads, and cns1a;;ous 

hues, Another harmony is the split complement~ a triangular relationship 

located between the complement and the triad 

Yellow and blue pigment make green, but suppose we list four differ 

ent yellows and four different bluest 

oadmim. yellow li, -ht 

cadmium yellow medium 

yells, ochre 

raw sienna 

cobalt blue 

ultranarbm 

cerulean blue 

phthalocyanine blue 

Combinations of these will give no lees than 16 greens of different 

hues value, cnd intensity, 

Intensity of a hue may be changed in four ways' by adding whites 

black, gray, or the ccmplmcnt: 

Hue plus white gives tint 

Huo plus black gives shade, 

Hue plus may gives tone 



Hue plus compllÃlent gives neutral grayp eegel 

ultramarine plus burnt sienna 

cadmlms red plus chromium oxide green 

A composition may be keyed highs low, or medium on the value scale, 

A high key means 1LCht tones, Hue keys are difficult to organise because 

hue cannot be separated from value and intensity except analytically 

The most exact scientific hue circuit is that of Ostwald, It is good 

for color standards but not well fitted to the ~ of artists' pigments, 

The artist!s pigment color circle is set up to produce neutral gray with 

caaplsments~ so analagous ranges are not as uniformly spread as in the 

circles of Ostwald and Munsell. 

Hobert Gillsm gcott warns that in designing you should "base your 

use of complements on the t, rue psychological ccmplementaries" ~ 

Practicing with a limited palette will increase color understanding, 

Try tonality toward one hue or one temperature, It is best in any case 

to if~it the hues which are the basis of a color soheme, &reat art showsa 

very often, a selection of three basic hues. kitnesst 

Persian miniatures and rugs' 

Prench and Pie dsh tapestries, 

Paintings b. Caupuins Van gogh, Honet, Brangwyn, 

ItaU. an Renaissance walls and ceilings. 

Hindows of Chartres, Andcns, gainte ChappeUe, 

CgBKS~~ 

To compose with light and pigment together, new research is necessary. 

As HohoiyAfagy ss5d, ". . . , this is not yet the age of li-ht paintin, , It 



is only the hour of light advertising~ serving publicitys to catch the 

eye " Our age is characterised by the "crass for raw speed" and by 

"blind mot ion" ~ 

The painter must know both the old craft cnd the new colorimetry~ 

for the physiology of the eye is more closely related to the pure light 

of the spectrum then to crude pi~ant mixtures 

l4oho~apv recommends more experimenting with polished surfacess 

translucenciss, pigments, and various ldnds of light 

&11 of these principles concerning the use of color in art are of 

considerable importance tc the developing architeotural designer, 



PHOTOGRAPHY 

Photography made obsolete the painter&s goal of illusory represents 

tion. Now an infinite variety of brightnesses could be recorded. 

aissanoe artists had simply blurred distant objects, Photography provided 

a means for extensively stud:, ing relative clarity 

In color photography, thc chemical emulsion yields only artificial 

coloring so that photographs have a boringly unifying complexion. 

additional distortion mai be produced by the pro)actor li, -„ht. Por best 

results, the photographer should understand painting as well as the pe 

culiaritics of hic own mediums, The real beauty of the photographic 

apparatus is that it can capture fleeting light and refleotions, 

Pioneer of abstract fi2ms was cubist painter Leopold Survage~ who 

in 1913 originated the technique of master drawings with fill ins on 

celluloid, Prodigious labor was involvedi at 24 frames per second, a 

t~te film required 14~000 frames, each drawn and colored by hand. 

Not till 1919„however (beoause of the war)s did the first non reprcsen 

tational film appear& eUiagonal~onie" by the ~ash artist, Viking 

&g-, elk~, in Herlin, Additional works followed by Richter, duttmanj and 

others. The first in thc United Gtates was by gauds Adams (of:ster Pan 



fisc)s "Color Dynsaics" s produced by Eastman in 1925 ~ gubsequently~ 

auLny fQms were synohronised to famous music, 

Noholy-Nagy anti. cipates an "optofonetio" art t see nnxsic and hear 

pictures simultaneously. The first stops are through photographya 

cinelBRs snd telsvisioI4 



S YST "N S 

"It is significant that the world«s greatest music has been composed 

since the perfection of a system of musical notation~" says . ". aitland 

Craves, The inference is that th perfection of svstems of color notation 

has opened the way to the world's greatest color-use, 

Color depends on the source of lipht, on modifiers of that sources 

and on the observer for full effect. Condensed~ this gives Foss's for 

mule& "Source x '. ~fier x Visual Process equals glor. " Color may be 

spec1fied without, reforence to material, but «naterial must be considered 

in order to develop samples for a color notation system, Indeed~ the 

stability of the reference, or sample~ 1s the primary oh)ective, 

There are three methods for derivtng colors« 

I, Nixing colorants to show their gamut„ 

2 Nixing colors by diskss eto, 

3 ~ Seiectin; colors visually f' or equal spacing, 

Colorants are pigments or dyes as used 1n paintss papers, plastics, 

and fabrics, Color is only one property of colorants~ thc others are 

physical or chemical, Colorants are meandered by weight or by volume, 

Nasa of manipulation makes paint a widelv used colorant. 
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There are thousands of colnrants» but a relative3~ small number i, s 

used to produce a collection of samples for a color notation system. For 

paint» a colorant (" selective modifier") is oalled a toner and is consnonly 

shown in its range of ccmbinctions wit, h::lJ, te ("non-selective modifier" ) 

to illustrate its main coloration possibiliti. es. If the proportional 

mixtures for this range, or gsmut» are based on an arithmetic scale, a 

preponderance of dark colors will result» but a logarithmic scale wt11 

give a preponderance of light colors, 

'sKth a cwplcts set of sanples to illustrate a;~smut» three~ 
sional presentation is necessary 

The Plocherc system uses ten basic oil paints to produoe 26 series 

of mixed base paints, each series ranging from near neutral to full chro 

matic hue in six steps, RacU. ally arrani ed» this gives a circular forms 

tion of 156 colors, This is ths base of a cylindrical color solid, 

developed further by adding white in eight steps to each base paint, 

The total is 1248 samples, For practical reference, these samples are 

presented on three by five inch cards, each with the foxmula on the back, 

The purpose of the Plochere system is to provide a relatively inex 

pensive collection of samples showing practical formulations for paints 

actually on the market, ~ 

The '-&aumann syst»m is similar to Flochere, 



The "M~e" system oi' NartinMenour uses six chromatic and the two 

achromatic colorants, There are 1000 smaplec arranged hexagonally in a 

oonical solid, The base has a black oenter, white being added toward the 

pure white peak. This is a strict application of prescribed mixturess 

with no deviations for visual oonsiderations. The company presents the 

samples on three by five-inch cards with formulas. 

The purpose of the Hartin-Senour system is tc provide a precision 

formulation technique for production of paint in quantity to match given 

colors, mostly for interior wall finishes, 

Nixing of colors means adcU. tive mixture of source colors, unlike 

subtractive mixture with pigment colorants, Color mixture is accom 

plished by) 

1, Spinning disks, 

2. Half&one screening in printing, 

3 ~ Wipplinp;, as by artists 

4. . Combining spotlight colors on the stage, 

Color mixtures based on sn arithmetic scale give a preponderance of 

light colors, A geometric scale gives dark oolors. The case was the 

opposite with colorant mixtures, 

The usual pattern for developinp varieties of a single color is tri 

angular, with the hue at one corner, black and white at the other oornerss 



caabinations between, With all the hue triangles together, a doublemonic 

solid is developed, 

The &idgway system offers 1115 samples, Here is a doub~nic 

solid with pure colors at the equator, tints above, shades below, The 

system, published in 1912 s has been used extensively in the horticultural 

and biological sciences, Unfortunately~ there is some indioation that, the 

actual samples tend to follow colorant gamuts rather than the theoretioal 

disk mixtures reported by i&dgway, 

The Ostwald cysts, developed in the early part of the cent~ by 

&ilhelm Ostwald~ uses a doubl~onic solid, The equator hues are based 

on psychological complemonts, Triangular hue planes arc set radially 

~ und an axis which extends from white above to black below, Hixturs 

ratios are determined b. logarithmic scale for vi-ual reasons, Xn 1942 

the Container corporation of An~rica produced Ostwald charts in its 

sGolor Har. orqr Hanusl", with 680 samples~ each with one dull and one 

glossy surface, 

Ostwald assumed these fun~cntal color sensationsc 

Achromatic t white snd black. 

Ohromatict yellows red~ blues green, 

The true green sensation is assumed to be unique not yell&@, ish~ 

not bluish, However, orange ~s assumed to look both yellowish and 



reddish; !rulc is assumed to look both bluish and reddish~ and 'gray is 

assumed to look both whitish and blackish, The blue and yellow are corn 

plements as deter:. dncd by after i~qe; likew5. sc, the rsd and green, 

Ostwsld's four primariest blue, yellow~ red, seagreen. The four 

ssoondaries: purple~ leaf green, orange, turquoise, With additional in 

between hues, a color circle of 24 hues is presented, Each hue io identi 

fi. ed by a amber, 

A triangular hue plane is developed with each equator hue and the 

white t~lack axis, The series ranging from full color to white is 

cc13. ed the "light clear series" ~ The series ranging from full color to 

bl"ck ic cMed the "dark clear series", Leer-case letter. (skipping 

some for later subdivision) label the axis from white to blacks with "a" 

for pure white and 'p" for pure black, Conversely, "a" means no blocks 

"p" means no white, The notations in the light c1c~ series and in the 

dark clear series, also in the remainder of the triangle, indicate the 

relative amount of white (first) and black(second). Thus, "na" means 

a little white~ no black~ "pl" means no white, much black; "if" means a 

medium amount of bnth white and &lack; "pa" means no +hits~ no black, 

which is the full color, 

The full notation for a sin;le hue consists of its nu her plus the 

two lm~ermase letters indicatinr white and block content. A light tone 

of seagreen might be "20 ic" ~ 

Each series of colors is based on the &''aber-Fechner law, which states 

that the sensation of equidistance between members in a series is produced 

by stimuli arranged in geomotric progression, 0eometric progression here 

applies to percents, e of light reflection, 
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In a hue triangles "F" stands for full hue, '%" for white~ "3" for 

black - these at the three corners, The vertical rows in the triangle 

parallel to the 'iM arne make up the "shadow series" ~ The diag. no1 rows 

in the triangle parallel to the FM line make up the "equal~to series" ~ 

The diagonal ro. , s in the triangle paraU. el to the F~' line make up the 

"equal&lack" series. "Equal whit~Wlack circles" are all the oircles 

parallel to the equators since in any circle the white-and&lack content 

of each hue is the same, 

Ostwald~s hus circle 9s based on psychomgical conplementaris~, The 

gray scale is based on ths «lab&. r-Fechner law, With the entire double- 

conic solid thus carefu'~- orgard. sed, harmonious combinations are not at 

all difficult to select, The r, ale for simple har;onies is equal sp. cing 

between three hues, Nore complicated h;r onics involve various equal 

intermIs. Basic examples t 

Three prays oqual1y spaced on ard, s; sequ:ncc in~atorial 

Nonochromatic har oniess 

Three hues in equal~hite serieo equispaced, 

Three hues in equal-black series equispaced 

Two hues plus one gra„~ trianpularly equispaced, 

Other combin"tions involvin li;;ht~lecr, dark-clear, sh dcw 

series, and grays - all based on equal intervals, whether 

in line or trianmQ, ar. 



Twc-hue harmonies i 

equal-whit~d-black pairs by carcular division, 

Transverse complements, bv diagonal slice, 

Three-hue harmonies t 

gqual~it~d-black triads by circular division. 

Splitting~ or chan~g intervals 

Ths "ring star" is Ostwald's name for a figure whicl- produces a 

large number of har onies based on a single hue, For best example~ 

select a huc within a hue trian'le containing both white and blaok, 

Through this sinple point draw three lines and one circle& one line in 

the shadow series, one line in the squad. -w'. ite series, one line in the 

equal-black series, and an equai~Mte~d-black circle, These three 

lines plus the oircle for;~ Ostwald's "rinp star" 
v from which we may 

obtain 35 colors t, o har". onise with t, he original~ The principle of equal 

intervals applied to the ring star gives a sesminply endless variety of 

harmonies for a single original hue, 

. 'gbert Jacobean, in explaining the Ostwald system~ points out that 

a color oombination may be selected yi~~ then checked apainct, the 

rinp for harmony 

The Ostwald cysts"i has been successfully checked against the paint 

in-s of great ~stere who worked without such a system, 

Here~ thous in this system of color notations we h-v' a truly sci 

entific means for desi&~n; with color, 



The Hears and Paul 'Kctiarmr" of Color' was produced by printing 

methods - 'oy half-tone screens~ a process which is really both colorant, 

mixture and color nature, The dictionar contains several thousand 

colors derived fran sip' chromatic inks, The purpose of the dictionary 

is to provide an authority on color names, 

Thc ob)ective here is to achieve urd. fore spacing of colors in a sys» 

tern by eye ~ ~ch a svstc. ic not bcscd on equal weights or voluues as in 

the colorant~smut mortem~ nor is it based on equal areas of color as in 

Lhe color CG tul c s j. etc. -. ~ Zn c vis;ally spaced system, a pea &etri cal 

solid is no lonper possible 

The Munsell system~ developed by Albert H. Munsell from 1900 to 

1912 in 3oston~ is based on three unique attributes of colors 

Hue~ or name, 

Value, or depree of 1i„;htnjss or darkness' 

Chrora, or dsdree of departure fran pray- of sa~ value 

Munsell established five na)or hues, squally spaced on the color 

circleI red, yellow, , "reen, blue, purple, The five second;~- huesi 
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yellow roc~ green-yellow~ blue-greon, purple-blue~ red~puple. This 

ten-step notation i= further divided into 100 steps 

Each hue is noted either oy capital letter' or by letters plus a 

nmaber. The letters are the initials of the huej the numbers indicate 

intermediate huos, "or exaruplc, "3""" is ~rplc which is slightly 

more @~le than red. ". 0'" is exactly red~le, 
These hues form " basic color circle in plans bun this circle does 

not, boccie an equator Thc solid is irregular+ 

The Ilunsell value scale is c verti~& axis rain, from sero for 

black to ten for white. Since these numbers indicate theoretically pure 

black and kid's, the practical -calo i" linitvd to nunbcrs fax' onc to 

nine, The valu= scale~ jest ac the hue scale, is visually equispaced 

so that all intervals appear to be equal, The value notation is a 

number following the hue ic1. ter unu followed '~. 
, lant, ac "3RP 4j", 

i'ollowing the slant comes the chroma number, 

The chroma ocai- r~~e from acro for gray to ten for full chroma, 

vivid colors may have a chroma of 15 or 20. kith the chroma numbers a 

complete notation might be "3aic 4/j', which is 3Pp of cL', ;htg dark value 

but fairly strong onrmaa, 

Thus the solid is j. ~gui=r '. constant hue planes of various shapes 

radiate frms the central vertical axis~ each plane with its o;m range of 

values and chromas, Horisontal slices, @ve constant value charts. Care 

cuts give constant chroma charts, Geometw is sacrii'iced for important 

visual squispacing. In the new Foes modification of &hnsell~ samples are 

illustrated equispaced in all directions 
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For paint-aiming, Nunsell is not the most u cful system, For cal 

oulating color =~arcs» Hunscll ' s not th most convenient system, But» 

as Dorothy Nickorson says„"To describe color a we see it» thc visually 

equispaced scales of t, he Munsell system are by far the best choice to sLaks 

to provide both an understanding of color space and s Wmple ard satisfac 

tor„. notation for describinC color perceptions. " 

The vslu, . seal- m»C be used to judge color b; ". „, : as to lightness or 

darkness. Value can be converted to refleotsnce for engineering use 

The value ace remains valid regardloss cf the illuminant (tungsten, 

fluorescent, or colored light)» since neutral gra. - doesn't change, 

The Munsell systc is applt. cable in cared. c plmts» in paint fac 

tories» snd in illumination research used to match, select, and 

specify color, 

In research» rscalbs c; . bc clarii'ied colo'-. . . tricaIIy either by 

conversion of Yunsell t. o I. C. I. (International Commission on Illumination) 

Wandsrds» or by conversion of spcc+xophotaaetric work through I. C. I. 
Standards to Hunsell, Spectrophot, ametric tri-stimulus (source, substanoe» 

sensation) data have boe& converted to Hunsell hue, ; slue, and chroma by 

the Color:. easuremcnts Lsborator, » Ã. I. T. » under Hardy; b; the Colorimetry 

tion of the Hational Duroau of Standards) by the lowball Subc~ttee 

of the Optical Society of Anerics (1943) ~ 

munsell is used by t, he U, G, Department of Agriculture» b; the Dncy- 

clopaedia Britannica. » 
b- the International Printing Ink Corporation» by 

Lakeside Press» by Fortune Hagasine» by 'felt Disney, etc. 
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Ostms1d is a colours cysts based on after image ocmplemsnts 

and a geometric solid, Munsell is based on visual equispaoing and the 

inte~lation of hues values and chroma, Ostwald considers oomplemen 

tarism more fundamental than perceptual equidistance in the pursuit of 

harmony, Munsell considers visual equal intervals between the three 

attributes of color most, important, Each system has considerable merits 

also some disadvantage 

Lt must be noted that visual results are not truly thc property of 

the scale used hut rather depend on the phvsical behavior of the colorants 

used to provide the sanples for a color notation systmn, 

With suoh precise color notation systems in use, and with the daily 

advanoanent of thc science of colorimetry, color is no longer a guessing 

game but, a practical business which no architect can afford to ignore, 
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"Color as selected" is a poor architeotural specification~ since it 
implies lactate selection. It is a "pathetic fallacy that color is 

a skin to be stuck on~ not an integral element of architecture"~ says 

Julian B, Garnsey, "WeU~lannsd color~ U3re good salad dressings brings 

an inspired solution in form to perfection and may even rescue a less- 

than inspired design. " 

The arohitect should know both color and the physiological and 

psychological ~p of human beings. It is necessary to be thorouglQg 

familiar with public preference and pre)udice. To begin with~ it should 

be realised that folk and peasant art are quite honest and influential 

in color development. 

Bunglasses should be yc11ow or yellow~roon, 

Idght signals are best seen when red, then yellow, ~n~ white~ not 

blue or purple, 

Yellow is the most visible color if a sin;le color alone is consi- 

dered for both li, ht souroe and paint 

Both signs and posters are most legible in this order: yellow and 

black~ green on white~ red on white, blue on white, white on blue~ black 

on white (sixth) ~ 



Por backgrounds for legibilitys green is not so good as popularly 

supposed Mhite is best. Tallow~ ye~range, or yell~so all 

in tints are a11 right for backgrounds for reading 

In an experiment to select suitabQ legible instrmaent dials for the 

Navy~ it was found that in strong light~ white figures on a black bask- 

ground were best, while in weak light~ black figures on a white background 

were hasty 

A study of visibiUty leads direotly to brightness engineering. As 

stated by K. Luckiesh, "A visual task is inseparable fran its environ 

ment, " The eamon error is to put too much brightness in a rooa for the 

sake of high footcandle readings, If an extrmse contrast exists in the 

same field of view, the general lighting level of an interior must be 

held down. Nore about this under the headings "Illumination" ~ 

There are three basic oolor relation patternsc 

l. None chnmstic 

2. Anslagous 

3, Contrasting 

The optimum scheme~ as attested to by great works of art~ is limited 

to three basic hues 

People like only a small amount of a bright accent hue~ a medium 

amount of a medium relief hue~ and a large amount of a d~ grayed 

hue. RssLember~ however, that color is not to be avoided by refuge in 

neutral grays, Neutral grays are laboratory products seldom found in 



A LARG& AMOUNT of' A DOMII4ANT, GRAYED I4UG~ 
A MEblUN AMOUNT Of A NRDIUN, RELICT HUE; $ 
A 5MALL AMOUNT OP A 5RIOHT, ACCENT HUt. 



practice. Besidess neutral gray is timid and indecisive. Grays usually 

require much study for the proper tint1ng, 

Cclers can be used to excess in variety and patternc but monotony 

is more likely to drive you erssy than excess varietyi 

Color combinations shouldc of coursec take advantage of the visual 

phenaaenas simultaneous oontrast, after image~ advancing snd retiring 

colorsc irracUstion. The Hew York Horldcs Fair of 1939 was intentionally 

"souped up" to compete with the greatest. show on earth - Hew York Cit, y. 

&t the Faire Garnsey made a particularly effeet1ve use of afte~ 
involving the Long Island Hailrosd Station, He glased the Hailroad Sta 

tion with blue violet so that visitors coming fran the Station to the 

Fair would receive the after image of yellcw, This after image was 

powerfully magnified by the sudden view of the "Golden Circle" feature 

of the Fa1r, This "yeU~cpcw~llow" effect inevitably brought sn 

exclamation of delight from each new visitor~ 

In architecture, color studies should be well&bought-out abstract 

diagrsmse 

For exterior studicsc it is necessary to consider) 

1, Purpose of building, 

2. Geographical location. 

3 ~ Surrounding buildings and landscape, 

Climatic conditions. 



The pre11minary study ~d relate tones tc establish light and dark 

patterns. This study should then be taken to the site of the proposed 

building, where basic colors should be chosen by observation of the area 

under various conditions t bright sunlight t overcast, evetdng, 

The inspection of color chips is not enough to select building colors 

fot a particular s1te. Consider differenoes such as theset 

San D1egot violet mountains and blue sea 

tolling hQls 

Denver t black and green Bookies 

Dallas t flat t vari oolored plains 

Obviouslyt different colors are suitable in different areas. Note 

the sensit1ve reaction of &rank Llepi wright tc envirormtent ~ 

Even when colors of materials have been selected, it is necessary 

to observe aimable areas of these colors actually pat up on the site, 

trial . all of several square feet of brick might be put up beside a trial 

wall of several square feet oi' camen~sbcstos sidin„ to observe the 

color ccmtbination. A painted surface might be included with theset de- 

pending on the specifications for the bu11ding. Againt when actual con 

structicn of the buil~. ia under wayt colors should be observed so that 

changes can be made if necessar;-. Naturaliyt it is wiser to decide on 

masonry colors f1rstt then adust the colors of lighter materials to the 

masonry colors. Paint is easiest to ch. ~s, but, the color decisi. on 

should be made as early as possible to save money, 

Alast not even the completion of the building with perfectly satis 

factory colors concludes the test. The element of tine has yet to act, 

The at'chitect would do well to investigate fadin;: and other color ohanges 



in materials brought about bv time and the elements of the particular 

regi014 

Por interior color seiectionx it, is necessary to consider the func 

tion of each building typei (Interior and exterior~ however, are often 

scarcely separable in the thoroughly functional design of today, ) haxm 

hues are best used, in elementary schcolsx hospital convalescent rcxmLsx 

and recreation roaas where activity is largely physical, Cool hues ars 

best in secondary schools, hospital chronic rooms, and study rooms where 

the emphasis is on mental activity, 

In interior decorationx strong chrcmas msy be applied to reoeption 

rooms, foyers, and barsx while weak chxcmas should be used in rooms of 

long occupation~ Hsrmoxxy may be achieved by repetition of hue, gven 

t, he color of paintings should be related to rooms, In northern azposures 

with the blue-white Iightx warm colorants are best on walls and furniture, 

yaber Birren considers peach the most appetising color for wells in 

homes. (I have not been able to agree ) 

Elementary schools should feature warrx~ st~tixu; colors such as 

yellow& peachy pink. secondary schools~ where concentration is the ob)ee 

tivex should feature tones of greenx bluex gray, Of coxrscx there are 

various functions within each school type which cd. for vibrio~ color 

treatment, s, 



Hospital lobbies should be decorated in a variety of tones to avoid 

any moods. Maternity areas are suitable in peach and rose» but chronic 

areas are best in blue» green» gray. Zn surgery» green and gree~lue are 

wise to countsraot glare and the bright colors of operation, Hospitals 

should avoid lavender, cool yellow» and yellow-green» which here seem to 

have a nauseating effect, 

Color has extensive application in all theaters. Colorsnts in com- 

bination with light sources are used for fascinating mobile sequences, 

"Black U. ght" sources supply ultra violet radiation to specially treated 

fluoresoent materials, Lighting adds delicate tints to seleoted carpets, 

carefully planned wall designs» and costumes, 

At a oertain rest hotel» blue and white flowers were found to attract 

more customers than red flowers in the garden, Here we tie in landscape 

architecture» which is never separable fram good architectural pleura~, 

On a oertsin black bridge which had always attracted suicides, green 

paint brought a decline in self&estruction. 

Airplanes and ships may be treated with moderately warm tones to 



provide relief from blueness of sky and sea~ yet light blues blue-greens 

and gray help counteract nausea. Borne rather subtle combinations sama 

to be in order, 

Blue green provides relief from the task colors when applied on the 

walls of a neat market, 

&arm oolorants and colored lights are used to present summer sports 

clothes, while cool colorants and colored lights are used in fur salons, 

J~ has been found to be most attractive when presented on strong 

purple and yeU. ow, 

For offices and industrial areas, grayish hues are best, Cool colors 

should be used in high-temperature areas~ warm colors in vaultya chilly 

areas o 

Corridors and stairwells may be tinted yellow& Btorage areas are 

best in white. &ashrocms and cafeterias are successful when done in Slue 

for mens rose for wanen, 



guggested tones and ref lectances for work romney 

0eilings should be generally white with a reflectance oi' 

75~+ 
Upper walls are good in lirprt green or light buff with a 

reflectance of 50 70$. 

Lower walls may be dark green or dark buff with a reflec- 

tense of 25~ 
Floors should have a reflectanoe of 2Q, 

Machines and desks go well in medium green or buff with a 

reflectance of 25%0' 

&right walls are not flattering to human appearance, though snd 

walls may be given a pleasing tint fo. psychological relief fram neutral 

tones, &endow sash should be light to lessen the contrast with the 

bright outdoors, 

In a certain windowless building, three tones of gray were used 

on the side walls~ with interesting relief provided by coloring one end 

wall blue, the other yeHmw 

On machines, avoid black and gray, Li-ht gray and buff have im 

proved both the efficiency of machine operators and the housekeeping in 

plants (pride in equipment) ~ 

The 19~ sai'ety code colors developed by &irren and Du Pont were 

largely incorporated into the gafety fade of the American Wandards 



Association, The colors and their meaning t 

Yellow and yaLIow~~ck bands are to warn against 

st~ai. net a stumbling, and falling hasards. 

Orange is for cutters, rollers, switch-boxes, 

Green is for first-aid equipnent, 

Hed is for fire fighting equipment, 

Blue is for cautions equipment for repair, 

Wdte~ grays and black arc for traffic control and house 

lceeping o 

The use of this cods has brought about, a tremendous reduction in 

accidents, 

The Hational Industrial Conference Board and the & B. Public 

Health Bervice attest to the value of color programs in industry, The 

medica1 profession~ too~ is studying the industrial aspects of color, 

& new therapy is possible with color. There is a need to combine 

the efforts of thc biologist~ the ophthalmologist, the psychiatrist~ and 

the psychologist. ks &aber Birren says~ "The intimate role which color 

may play should»scorns increasingly vital as man turns from an esthotio 

and esoteric attitude to one more rational and clinicalg as reoognised 

medical science forgets its prejudices and appreciates that color is 

physiologically and psychologically beneficial and may bc put to sffeo- 

tive human service, " 



The artist~ meanwhilea feels the necessity for balancing the techni 

ca1 a scient if ic approach to color with puree instinctive f eeling for 

color ~ 

Yellow) Cheerful, higgle visible, Avoid dark tones 

Hedt Dominant, dynamic. Influences hormonal activity~ raises blood 

pressur~. Good environment for the creation but not the execution of 

ideas, Too much pure red is anno~~, 

&lue: Opposite effect of red, Not s ~ccessfA in offices, industrya 

schools, hospitals, except in incident 2 areas in macy. u. or dark tones, 

Pale blue bothers the eye, Yet blue is the favorite of all colors, 

GresnI Yells. '~roan is neutral; blu~reen goes with peach~ is 
peaoeful, makes a flattering background for the comply. on, 

Orange! Preferred as peach~ salmon, brown, Appcalin . in food, 

flattering to the skin~ 

Purples Wrictly esthetici 

Blacks Negative~ psxhapc sinister 

Gray) Passive, 

Whites Natu'~ clean, 



Much of the better architects~ of today is good in fo~ but weak 

in color, One has only to look around, yven architeots with reputations 

as good designers sometimes pay too little heed to the oolors of their 

oreations. lf an architect or a firm of architects sMply lacks a dis 

criminating co1or sense„ the wise step is to get together with a good 

colorist, 



ILLUM15ATXON 

"Eyestrain" should reallv be called "omd. ar fatigue", The eyes are 

not abused by overwork - in fact, vision is actuallv improved by using 

the eyes, 3ut the e„~s mav be har fully exposed to stimuli which impede 

the nor, al visual function ~ 

Eye defects are more common among backward children than among 

"bookworns". -""grestrahn may be caused b; illness, b, poor diets by cri 

tical seeing tasks, b; — g~~ environments or b„, insufficient illihnation 

The eye strut~ling to adjust s. ffers "eyestrain", Thore hs some indica- 

t'on that extensive oyework contributes to heart trouble, 

For seeing-comfort, them must be illumination of the proper color 

and quality on the work at hand and on the surroundin. ", s The working 

environment is divided intot 

1~ Task sone~ includhn~ immediate surrounds;, s, 
2 ~ The rest of the room, 

Backgrounds ~re, and shadows must be considered» 

Oolor differences in objects are related to reflectance differences, 

The appearance of a colored object depends on its colors the character 

of its finish, and the attributes of the light sources colors intensitya 

direction, 



73 

The proper enginserin;, oi' lighting is important because many workers 

spend two-thirds of the day on close work, 

L - F 

photometry is the science of measuring light. Photarwrtric data are 

used by the illuminatin" cngLneer ir. choocin~ equipment, lampcs wall 

finishes, color of li-ht~ and color of background, gx'. ensive charts 

of photometric dat- . im available, 

The tezms used in measuring light are based on the relationship 

existing when a one-candl~r source is assumed to be at the center 

of a hollow sphere with a one foot radiuss 

"point souroe" is the term for the souroe described, 

"immen" is the luminous flux radiated from a onemandle-power 

source to eaoh square foot of area The area of the basic 

sphere is 12, 57 square feats so one candle equals 12. 57 

lumens g 

"Hesn spherical candler" is the average of all candle- 

powers in all directions about, a source, 

"Foot~andle" equals one lumen psr square foot, Illumination 

on a surface is measured in lumens per square foot, The 

unit sphere has an Q3. umination of one fondle, 
Inverse square law& for a given point souroe of li„-ht, the level oi' 

illumination decreases as the square of the distanoe from the source, 
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Footmcrd1es equal c-. ndle~wcr divided b-- distance squared. The law 

applies to d' stances fiva ar mar: t' -es t'. e max!su~ source dimension, 

For distances oi' anl. - -' »a or th: ce feet, the illurin. -. t'on v. . r'es inverse- 

ly as the d %ace. 

Candle-power distribution curve:- guidn the engineer in selecting 

lightine eqLXxr. ent. The;-c moves are thc, . rrphic presentation of the 

distribution af li. . '. -. t into. . siti, . s c f lamp;: ar l~rdnrires, 

~Bg~te s 

Brightness is produced three wsyst 

l. By self-1wdzeus objects, such as the sun, a star, a leaps 

direotly to the eyes, 

2. B„- light energy transmitted through objects, such cs the sun 

through clouds, a lamp throu"h a translucent luminaire (white glass 

globe) ~ 

By reflectiona such as from the moon or shy, from the refl~ 
tor in a luminaire, from most of' thc surfaces and objects we see dailyi 

"FootWsmbert", the term for brightness, equals the lumens per square 

foot emitted from a surface, The unit spheres if perfectly tranmittings 

has its outer surface lighted to a brightness of one lumen per square 

foot, or one foot~crt, Note that this is the pro)ected area not 

the aotual area - of the sphere or other obgect considered 

Brightness is a concentration oi' candle~r, measured in foot- 

lamberts for sources of relatively low brightness as commonly used in 

illuminating engineering. A spherical globe with a ons-foot radius 



containing a 1~andle-power lamp and having an effioiency of 80$ has 

a brightness of 800 foot~arts, 
Brightness of specific light sources» 

G~e flame 

100w filament lamp 

S l»500 foot~berts 
s 50»000 

100w fluorescent lamp» 1»850 

North shy 

Zenith shy 

Birius - star 

1»000 

c 

$50q000»000 

1»500 

Q) 275»000»000 

In the laboratory» spectrs1 energy the wave-length analysis of 

visible energy - is obtainable b, means of the spectrophotometer, Re 

suits are shown on a spectral distribution curve, Energy is visible 

only between 4000 and 7000 angstroms (violet to red) ~ In the field» 

measurements are made by light meter a lightmensitive cell which mea 

sures brightness and refleotance of surfaces, 

Nith this scientific approach to illumination requi~s» light 

is then controlled by the appropriate means» such as reflection, diffu- 

sion» transmission» absorption» ref rection» polarisation, Considerable 

study has been made to perfect reflector contours and other devices, 



ADDITION 
AAI XI I40 'T I-I E. PRIPAARY 
C OLORG OF. LIGHT 
IZED, GREEN C, SLUE 

RED + GREEN c YELLOW 

RED + bLUE = VIOLET 

SLUE + GREEN ~ SLUE. -GREEN 

RED + bLUE + GREEN ~ WFI I TE 

suerz~uioN 
REDUCIIICr WHITE LIGHT 

SY FILTERS — @MAGENTA 
YELLOel, i SLUE. -GREEN I 

%AGE. NTA F YE LIOW = ORAI4GE- 

hhAGENTA + SWE-GREEG VIOLET 

bLUE-ORE CN+ YELLOW GREEN 

lfIAGENTA+ YELLOW SUIC-GREEN SLACK. 

LIGHT-IT COLOR 

ReFERC NCE". FUNDAMENTALS OF LIGHT G LIGUTINO 
GC NERAL E LECTRIC CIL SULLET IN LD - 2. 

PLAT& 12 



The color of an oh)set is "the capacity of the obgect to modify the 

color of the light incident upon it" (General Electric definition) ~ 

The primary light colors are red, greens and blue. By addition of 

light colors~ we ses the folic 
Bed + blue gives violet, 

Bed + green gives yellow. 

Blue + green gives biu~, 
Red + blue + green gives white, 

By subtraction by using filterss we see the follouingl 

Magenta + yellow gives orange~ 

Tellow + blu~sn gives green, 

Blu~en 4 magenta gives violet, 

thLgenta 4 yellow + blu~en gives black, 

The International Commission on Illumination uses three terms to 

describe psychophysical 

colored 

dceinant wave-length~ brightnessa and 

pinky, (Bquivalent to buss value, and chrom, . of %znssll, ) The I. C. I, 

tri&imulus method uses a chromaticity diagram and specifics color in 

terms of mi&Cures of theoretical colored lights. Thus it is possible to 

coordinate all color cystic, Furthermore, the specification of all 

possible colors may be shown on ons chart, The I B. I' system of coordi 

nates makes possible ths exaot specification of colors mathsmaticaUy by 

means of only two coordinates on a color map. The color coordinates of 
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a light source are det~ rdned by spectrophotcmeter, 

A colored surfaoe which looks halfway between black snd white in 

lightness reflects only 20$ of the light on it, Judging reflectance i, s 

therefore difficult ~ Value scales showing color samples with their re- 

flectance for a number of ill~a have been developed through the 

cooperation of the Illuminating Engineering Qociety and ths Inter- 

Gociety Color Council, 

Visually~ a task and its enviroasent must be considered together» 

The best light for seeing is yellowish, not green~ not red, certainly not 

blue, This light plus the reflecting surface controls visibility» 

brightness of the task surface should moderate+ exceed surrounding 

brightncss, Avorage in»ensity on a task should be about 25 files, 
For critical tasks, 50 i'oot-candles is sufficient, 

General room illumination should not exceed 100 foot~udice» &'all 

tones should be of low brightne"c both for visibilit; and for human ap 

pearance. The ratios of bri;ptncs for an area of considarablc siss 

should not exceed& 

5 ta 1 between task and L . ediatc surroundin;. s 

10 to 1 between task and more remote surfaces 

20 to 1 between luminaires or sky and adjacent surfaces 

40 to 1 anywhere within environment of worker 



In officesx an illumination level of 30 to 50 fondles is suffi 

cient, In draft1ng roensx 50 to 100 foot~os is the x'ange. Drafting 

roess require large, diffuse lunLnaires~ 

Tests with fluorescent la~s have shoxcx that matching of lamp color 

to filament or to average da light doss not establish optixmr, spectral 

distribution for the color appearance of materials' Further research was 

necessary. pub11c opinion was tested on various ccmbinations of light 

and mater1cls, For example~ it was found that blond hair is enhanced 

under a waxy tint of light, while tit. ian hair is enhanced under fremont 

light. In generalx for one color viewed at a times the public choice is 

a lamp which enhances saturation and brightness with a mixdmum shift in 

the hue of the sample receiving the light, (0ensral %1ectric research, ) 

Fox soc1al environments, including some shops, a warm source is re- 

quired containin, rsd aud yellow for favorable rendition of complexxionsx 

foods, and usual floor and wall coverin„s. Filamcxxt 11-ht is suitable 

for these, The general preference for soft white and filament, lamps is 

due to their spectral compatabtlity with war~ enviroxxaent materials, 

Fluorescext li~gt is def1nit, ely unfavorable to some foodsx e g. x 

scrambled egpss cherry and grape )ally, 



For working environments~ the lighting engineer suggests surfaoe 

colors on the Basis of reflection factors, Host experts list four groups 

of colors~ all recofnising the one group c;Lied "relmchag" or "tranqui 

liming", This neutral group provides a satisfactory background level for 

lighting engLnsers, The Holophans Company hac developed charts based on 

colors which neith. r excite nor disturb, are thus applioable in working 

envirczmsnts. Final consideration must always depend on the combination 

of colcrants ~d light sources~ 

Natched colors must be checked by at least two light sources to be 

certain of accuracy, 

Xn colo~ding operationss deluxe oool white fluorescent is best& 

since it contains equal amounts of all oolors 

For textiles~ atwiD color differences in blues purples violets and 

orchid are best detected under tungsten&ilament light, which is rich in 

red and yellow energy;. , Differences in pinks red~ orange~ and yellow are 

best seen in li ht rich in blue and green, as natural daylight~ daylight 

fluorescent lamps~ and standard cool white, There is little choice in 

illuminsnts for green and yellow textiles, 



"ave-lengths producing fading may ' e different for every oolorsd ms 

terisl, Natural and artificial light sources vary in their fading poten- 

tialities because oi' variations in spectral distribution of the energy 

radiated, 

The fadin ~ of textiles by ds;. light is principally due to radiant 

energy in the visible spectrum, Ary filter which reduces fading must 

greatly reduce the energy in the violet, blue, ~~on, and yellow p'rts 

of ths specter~ hence great. + alters the colored appearance of the ob 

)eats illuxin tsd through it, 

li 'hangs in the amount of foot candles or time ic not important 

as long as ths product, of the two remains same, 

2 ~ 0Xygsn is necessary for fading; thorofore, put the specimen in 

an evacuated enclosure, 

H?m?idity does not affect the rate of fad'ng but may affect the 

texture of tho material 

Temperature has little influence un' 1 it reachos 150F~ when 

fadi:;", doubles over 85! i 

5 ~ Fadin; is produced b; radiation, Filterin!, out ultra-violet 

light does not appreciably reduce fading, 

6, Ill?m?insnts vary in fading power. I~orth sly fades more than the 

summer sunlight; both fade ? ore than fl??crescent or tungsten-filament 

ls???ps e 



'7, Fastness of dye is important, ~ 

In meat displays, fluorescent lamps are placed inside ths case be 

cause of lcw heat, while tungsten-filament lamps ars plaosd outside the 

oase bsoause of high heat. The only meats affected in color b„ light are 

the prooessed meats such as bologna» meatloaf» boiled hsm 

In printing, the basic inks are red» yellow» blue» black, Four 

plates ars required» one for each color, The four plates are half-tones, 

which ars really ciosel~; spaoed dots or other textures, By overprinting» 

colors appear to fuse, so that color is mixed in the eys, There is 

seemingly no limit to the number of colors thus obtainable. Great 

paintings ars reproduced in faithful color with only four colors of 

Prlntinq proofs must be examined frequently. Blue» red» and es 

pacify ye&os are difficult to scrutiniss» so colored lights are used 

to facilitate legibility. For example» saturated blue light makes yellow 

ink look blaok, Yellow ink reflects no blue; the light source is bluej 

therefore yellow ink reflects no light, 

The importance of a basic knowledge of illumination ta the architect 

can hardly be ove~sti ated, The illuminating engineer is another msm 

bsr of the siaeable tea-. . required to produce good arohitecturs, 
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Sample of Questionnaire used in this experiment) 

GIVK NK JQgj ~~ ON TK' ~CO OP T1K No S ~ C ~ 

WHTT This is a poD. of pub11c opird. on on gggp statistics 
to be used in my thesis on "Color in Architecture" ~ 

Tour name will not be used, 

1+ Observe the KXT~&E of ths N S, C. from the cccmon 
north approach; Note the limestone bricks faoia 
(edge of roof)~ etc, Check your op&on below, 

2 Observe the SNACK SAR as you sit there. Note ceiling, 
walls, floor, furnishings~ etc, Check opinion below ~ 

Observe the SAUB&XR on the second floor, Note ceilings 
walls, floor~ furnishings, Check opinion below~ 

Tour 
Opinion 

North 
Kxterior 

The color combination is 
very pleasing 

The color ccmMn~ticn is 
annop15go 

The oolor combination is 
neutral: neither very 
pleasing nor annoying 

Xf the color combination 
is not vc~ pleas1nga how 
would you change the colorsV 
Comment at ri-btt 

Have you had any special color training other than in routine 
school courses required of ~~ students7 



This exxperiment was a ~son of my opinion with public opinion 

on the colors of a contemporary building, The building is the Nemorial 

indent Center (ccmpleted 1950)s A. :"- N. ~ge of Texas, 

The procedure was to record my opinion, then to check public opinion 

by distribution of cdmeographed fozms to be filled out. These ferns were 

returned to me either at thc Nemorial Wudent Center (N. ' 
C ~ ) or through 

the campus ~ ~ My opinion is recorded below, A copy of the forms die~ 

tributed is ap. ended. i@cults are followed by my conclusions. 

The parts of the N. ~. Ci observed were the exterior from the common 

north approachs the knack Bar (or Fountain %usa), and the &aUroom, 

To me~ the colox combination of the North ~crier is neither very 

pleasing nor very annoying. There is a slight clash between the duly. red 

of the facia and the orange tixxt of the brick, Assuming the brick satis 

i'actor„", I would change the facie to a hue c~ntaining more darkish brown 

and less of the present red. Assuming the facie satisfactory, I would. 

use a rends of brick t-:nts neax'er to c;. esn and light gray than to the 

present orangish tone, Otherwises the colors of the ext rior are very 

pleasing from the caamon north approach, (This does not include the 

hotel w", ng, whose brick colors are ugly. ) 



To mes the colors of the Rnack Rar~ or Fountain Roam& are very pleas 

ing~ with the adoption of the yellow mullions between the pivoting glass 

panels which separate the room from the corridor. I liko the red face- 

brick here. I like the green ceiling, whose beams reflect an interesting 

range of tones from yell~en to blue because of a variet& oi' concealed 

lamps, The floor color and the furniture color seem to harmcnise with ths 

rest of the rocm&, Rut those strong yellow &mQIions fight with almost all 

the other colors. Indeed, gaming at the yellow mullions spoils the whole 

color scheme, To en/ay the Rnack Bar, 1 el~ply look awa& from the yellow 

mullions, which could be har. onious if painted a ver„- pale yellow~ almost 

whit e ~ 

~RNL 

To me, the Rallrocr& is annoying &cith Its strong red and blue. Ths 

red brick ~ng the stags is too strong and too dark for easy audience 

concentration on the stags, The blue of the reinforced concrete arches 

is too strong and too dark next to the white ceiling panels. The intense 

blue drapes further increase the vibratory effect between the red and the 

blue, Hcn;~ this effect may be satisfactory for a !&all& but I think it is 

too stron. for audience events. The wholo roan appears to be specially 

decorated for the 4th of July, I would change the color of the arches 

to a much lighter, very grayed blue more paly than blue. Gther than 

that, I wo &ld use either a different tone or a different ond lighter 

colored material for the brick panels flanking the st=ge, The whole 



color ocmbination needs ~udy, 

It is readily acknoxxledgsd that this experiment means little s. hen 

disoussed only in writing ~ It sho. xld be discussed while viewing the 

areas in question, Fortunately, most persons who read this will have 

viewed those areas, So on with the compari son 

gofer to the questionnaire distributed to the public, 

Of ths 106 foxxss returnsdx votes on the North gxterior totaled as 

followers 

"The colox combination is vexy pleasing". . . ~ ~ . ~ ~ ~ ~ . 100 

"The color combination is annoying" ~ ~ 1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

"The colox combinstion is neutral" ~ ~ . ~ . " . . . ~. . . . ~ 5 

Of the 100 who voted "very pleasing" x 89 checked that they had had 

"no special color training'x while eleven ohecked "yes"~ that they had 

had sane special color training, The six who checked other than "very 

pleasing" a11 checked "no special color training" ~ 

Ths one person who checked annoying" csea", ented, sUse of materials 

for color contrasts annoying. " 



(4e person who checked "neutral" commented, "Brick is a little too 

&pale &, Looks dirty, " 

No camment was offered by an. -one who checked "yss" on the question 

of special color training, 

Obviously~ there was overwhelming enthusiasm for the color of the 

North ~er'or, But conclusions should not neglect these considsrationst 

the fo~s were handed out inside the building to people enroute to the 

Snack Bar, Most of the forms were returned by these people as they left 

the Snack Bar ~ Therefore~ their opinion was based on memory, The memory 

of the exterior appearance isa of course, very pleasing, As two persons 

cccsnented in wri. ting when they checked "very pleasing" for ~hinge 
"Ba~ good for a place like this. " Benory, ther ~ gives the N. B. CD high 

sst ratin - compared to every other building on thc c~p;s, I su!rd. t that 

t, his -emory is oi' the F. B. CD as a whole, including effects other than 

color, men if all oi these people had gone out ; o stug the exterior 

before checking the questionnaire, they . "d. ght not have changed their 

minds, The theoretical avcrc;o man has some sense of color but no finely 

discrir4mtinf sense. 

Perhaps the t;:o . Wttcn comments unfavorable to the ':orth Exterior 

support rg criticis--, though not explicitly, Becall that my criticism 

noted a "silat clash", As I wurneds any evaluation of comparative 

)udgments would be personal. l hold to my or1ginal criticism, 



Of the 106 qmstionnaires returned~ votes on the 8nack Bar (&ountain 

Room) totaled as followers 

"The color ccmbbmtion is ver„. pleasing". . . . . . ~. . . ~ 86 

The color combination is annoying ~ o ~ a ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ 6 

"The color combination is neutral"+. ~" . ~. . . i ~ . ~ ~ ~ 16 

Of the 86 who voted "very pleasin, ;", 77 cheoked that they had had no 

"special color training" ~ while nine checked "yes" on the question of 

special color training, None of the six who voted annoying" had had any 

special color trainin„. Of the + uho voted neutral, eleven checked "no"~ 

three checked "yes" on special color training, 

Of those who checked "muxO&ngea comments were theses 

One would chape the On"ck Bar to "pleasant shades of green" ~ 

Another;~tet "Do not care for greens in satin;, places, unless 

are (sic) very soft almost neutral. " 

A third wrote si &ply& "Too man;; don~t blend, " 

Of those . ho checked "neutral" ~ chants were theses 

One would "ch:~;, e to li", ht blue" ~ 

Another cons'. dered the "c 1or ok except. . . . var. 'ation of strong 

linear patt ms creates cluttered appearance (bricks, roofbeans, boothsa 

etc, ), Also floor color not suitable for k ck Bar, looks dirty all the 

time. " 



A third wrote, "Never gave this room much thought. Not striking. " 

Another comnentz "I think the colozs are f1ne. An eat1ng place is 

more restful with colors which do not glare out " 

(hQy one co mont was written &y a person who checked "yes" on spe 

cial oolor training; that was a czmnent favora ale to all pmas consi 

deredz "I think they have used ver; good taste in all their color 

selections, " 

No one mentioned the one color the stron, ; yellow of the mullions 

to which I objected, so I do not know to what extent this color influ- 

enced opinion. 

The oh)cation to "variation of strong linear patterns" is more a 

criticism oi' foz. than of color, The comment by the sm;e person, "looks 

dirty all the time, " indicates that such a psychologioal factor could 

influence one's entire izpression of the placez includin;- its color. I 
don't agree with the criticism of the floor color, for in its rrayness 

it remains neutralz and in its speckled texture it performs thc function 

of making dirt less obvious, 

The obgection tc ~;Iz. re is )ustified if it, is a critici m. of the 

natural li;ht control. Glare through the w1ndows is adversely reflected 

from some suz'faces, 

The percenta e of opposition to thr &nack 3ar c i ~. . sed me, not that 

it was large, '&ut because it sU. ghtly exceeded op:osit. 'on to the 3allroom, 

Ii' I knew th t, the mullions were the deciding factor, 1'd no longer 



express surprises but no mention was made of the yellow, Perhaps there 

would have been even more criticism of the 3~ if the participants 

had studied it as they did the Snack -Oar. 

The 106 forms returned produoed the following totals on the Ballrocet 

"The color combination is ver„;. pleasing". . . . ~ ~ ~ . ~, ~ 86 

"The color combination is annoying". . . . . . . . . ~ ~, . i ~ ~ 5 

"The color combination is neutral"to ~ I ~ ~ 'l40t ~ ~ ~ ~ ~ ' ~ ~ 12 

No opinion recorders 0 t ~ ~ ~ ~ ~ ~ , ~ ~ 0 ~ ~ ~ 0 ~ 4 ~ ~ ~ ~ ~ ~ ~ 4t ~ 3 

Of the 86 who voted "very pleasing", V8 checked "no" 
~ eight cheoked 

"yes" on special color training. Of the five who voted "sunning"~ four 

cheoked "no"~ one checked 'yes" on special color training. Of the twe3vs 

who voted "neutral", ths totals on special color training were ei. "ht "no"~ 

f our eyes s 

Of those who checked "annoidng" s con ants were thesel 

Acco-din to a former student of Texas Ctate College for omens the 

Ballroom is "too dark", ghe wrote~ wIf curtains are drawn back~ the~a is 

a glare in the 3allroom in dayti ie It is bad dur3n - luncheons. " 

Mother person would change the colors to "shades which do not clash 

~ „, as the blue and rose shades used" ~ 

Of those who voted neutral, comments were thcsec 

One wrote~ "Color used on beams is rather dark, " 



Another cosenented~ ~gould rather see old ross and browne in the Ball 

Of those who voted "pleasing~" other than the two who gave the general 

comment for everything, "Osjnn good for a place like this~" only one offered 

a comment referring to the B~ slones "I like this very much, " 

Of those who offered connents~ only two were by persons who checked 

"yss" on special oolor training One of these was the above cam;, erA in 

eluding the phrases "too dark" and "@are" ~ The other comments "I think 

they have used very good taste in a11 their color selections. " Both of 

these conflicts, , comments wars by ladies, 

~ J svsn more than in the case of the ext. . riorv a 1 arge number of 

persons apparently judged the Ba11room fr omm memor„" rather than by going 

upstairs to study it, I give credit to the three persons who adndtted 

they hadn't studied the B~ by simply leaving that part of the ques 

tionnaire blank, Opinion on the Ballroom statistically compares very 

olosely to opinion on the Snack Bar, Once more~ the rosie is quits pleas 

ing to a large ma)ority, but the adverse criticix~. compares saaewhat with 

slane s 

The comment on strong contrasts was well studied' roan "too dark"& 

then too much glare with drapes open, 

The comments on the "clash" of shades and on the darkness of the 

arches support my contentions ~ 

For students~ the appeal of the Balls~ may well be strong because 

of' association with an en~able dance held there, For the person who 



attended a luncheon there~ the +~are was too much. This supports my con 

tention that the room was not so well decorated for affairs other than 

dances, 

Ny personal conclusions begin with the statement that people in 

general are satisfied with color combin"tions which are not bad, Never 

thalass, the architect nust. design fax' the person with the acute color 

sense, for this may be the person with sense sno~~ to hire an architects 

In the case of the Nsmorial Student Oenter, the pleasant atmosphere 

and design features of thc entire building so far exceed those of any 

other building on the campus that the reaction to arg aspect of the 

building is enthusiasm, 

Of those who took ths trouble to analyse the areas in question~ the 

ccaments prove only that public opinion differs from person to person, 

Ny ego~ I suppose, prompts me to maintain that I have a good color 

sense, This contention is fairly supported by the fact that I have stu~ 

died color to this extent. Nowever~ the final proof of my color sense as 

applied to architecture nsy be dstensined only by the degree of pu'&lie 

acceptance of my work, I hopes at least, that I sm developing a good 

color sense, It is possible that my students will teach me nore than I 
teach them, 
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How should color be txsxght to the student of architecturey 

The introduction to color should include some historv plus the basic 

physicsx physiology, and psvchology pertairdng to color, The axplmation 

should be kept vcx„simple ami brief at first, for ', hc oh&ective is not 

to confuse b», . to dispel argy preconceived rd. sconstructions on the sub)est 

in the minds of young students of architectural design~ 

When the basic relationship of lightx the sye, and the mind has been 

established, there should follow sn explanation of the two t;~s of cce 

plements, psychological and pigmentary, It is too early for explanation 

of harmonies. Indeedx individual experimenting tc d1scovex harmony might 

well precede explanation of what 1s known about harmony 

Cgg~~ 

The first foxmal exercise is usually the execution of a color wheel 

1Uustratinf pi~entarv couple". cuts. Neutral gray is placed at the cen 

ter of the wheel, Eac? pair of complaments is deter-ined b; their caps 

city to produce approxi-mtely th1s nsutx'al gray when mixed together, With 

rsd, yeller, and blue as the basic triadx a full hue circle is developed 

around the gray center, Tones of halMne and halfway are then m~ 
to fox"' the spokes of the wheel, 



It might be wise to execute a second color circle to illustrate 

psychological compleexents, which are dsterLMed by after~go. A com- 

parison of the two circles could then be made, It should be clearly 

understood that the pigmentary wheel is for studying pi-. -. ont -. dxturesi 

while the psychological circle ic for designing with oolor, 

These sxercises are done with inexpensive but satisfactory paintx 

"showcard" or "tempera" i a wat Mused paint which in i" s better brands ~ 

gives he flat, even surfaces necessary 

The second ~roice i a study of the combination of a hue with 

white (tint. )), with black (shades), and with white and black (tones) ~ 

A triangular hue plane illustrating the gamut is a tried and satisfao 

tory exercise 

After same free experimenting in which the student represents his 

own ideas of color hax. ony, stud;, of harmony is made through a series of 

color plates. At fire , it may be wise to :ive the student ready~ 

designs co that he will concentrate on color rather than for , but this 

is debatable, Soon colox' and foxv. must be studied together~ beginning 

with abstract desi~. The sequence in color bar . ony study might be as 

follows x 



1. Mcno&8uvsss t a simples abstract composition involving only one 

hue and its various combinations with white and black and grays, 

2, Ocmpiemsnts& an abstract study with two colors which are 

psychologically opposite, WhLte and black may be used as modifiers, 

Contrast in values, which promoted itself in the monochrccLe~ must bs 

carefuQy studied from here on, 

3, Triadt a composition using three hues which form an equilateral 

triangle on the color circle, Again~ white and black may be added, At 

this points debate is likely to arise concerning the psychological and 

pigmentary triads. Smc explanation of systmas of color notation such 

as Ostwald and Yunsell -. 1ght be inserted here. Perhaps the only faot 

retained b. - the student at this point will be that the triad relationship 

is somewhat flexible, lahore i ~rtant than the pinpointing of the triad 

hues is the st~ of valuess for~a, and areas in the composition, 

4, An abstract studv with analagous colors is next in order~ e, g~& 

ye~range~ orange, and re~range, Onoe more, value is important, 

5 ~ Finally~ ths split may be studied! a hue plus two colors ~ spaced each side of the hue complement. The connected trio cn 

the color circle would for, . an isosceles triangle~ 

How comes the relationship of color to actual materials~ which means 

relating oolor to temture. The only approach is to observe actual ma 

terials by bringing into the laboratory sanples of wood, t~eaves~ 

pieces of fabric~ brickss metallic objects, etc, judy texture and 



color by eye, Plaoe the samples together in abstract oomposition, Then 

try iMtating texture and color with pahd', 

Stretch paper or watercolor paper is the most satisfactory baok 

ground for developing texture along with color. 

The first experiments might show the texture and color of materials 

at full scale, Then materials shcnQd be viewed at a distance to observe 

their effect at a much smaller scale, Building materials are~ of course, 

most important, ~ 

The first fun~ exeroise should be a monochrome in gray, white~ and 

blacks for the purpose of establishing value as well as texture, Various 

textures are not difficult to learn~ but value seems to be difficult to 

impress on the young architectural student, especially when he uses color, 

Lst him learn value first - how to contrast areas for legibility ~ through 

monochrome. 

This exercd. se might be in si pie elevation~ showing a group of build 

ing forms with wall materials speoificd, The materials of prime impor 

tanos are concrete~ wood, metals brick/ stone/ glass ~ Plant forms may 

be included i'or variety in color and texture, but a detailed discussion 

of landsoaping is premature, 

Havtng studied texture and value~ the next step is to repeat the 

rendering in full color, The combination of colors is the new problem. 

New the importance of studying value first may be seen~ for the student 

without an appreciation of value relationship will inevitab+ use 

oolors which contrast in hue but ere so monotonous in value that they 

vibrate, This is a difficult exercise, often requiring ~orking of 

rendered surfaces, 
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A value check on the color rende~ ray be made by photographine 

it in black and white, 

Aside f~ renderin, = building materials in color, ths student should 

go on conducted tours to observe the solutions of praoticing architeots. 

Some of these solutions should be noted as lessons on what not to do. 

However~ in the ease of firns which ain for the best in desi~a, an ex 

pert on color (usually a me ber of the finn) sees to it that color is an 

integral part of the designs not a last~ute addition/ 

As a relief from the exacting task of rendering building materi'ls 

as they actually appear, it is a pood idea to arrange for frecpent water 

color sketching sessions ~ outwfAoors whenever the weather allows, In 

such sketching sessions, the student should be guided very little, rather 

enoouraged to experiment with color and form to express his own im- 

pression in whatever manner i. s natural, whether precise or pried. tive, 

Hsnderin„of architectural solutions in color for the sake of study 

ing the medium and 1ts coloration possibilities is good practice. 

attempt nay be made to present a building as it might actuaUy appear~ 



but this is extremely difficult, even for the student with the most acute 

color sense, The usual media are tempera, water-color, pastels, and 

colored pencils, Each medium should be studied for its own behaviors 

with an eye to good color composition, 

Mile it is good practice to study oolor through architectural render- 

ingsa it should bc realised that a rendering, cannot show the final appear 

ance o& the buildin . Therefore~ oolor shavkd not, influence a @ry as to 

the merit of an architectural solution when presented as a drawing or 

model, Unfortunately~ color often does influence a )ury~ for good color 

is likely to bring a commendation (of the color), and bad color is bound 

to brin; a cotdemnation, Perhaps this is the solutions present all stu 

dent designs in black and white, )udge then on solution and form, Thena 

execute them in color as a s parate exercise, 

Further study of color may be made b;- executing co~~ res (pasting 

various materials to a sheet in interesting composition)a by building 

models - both architectural and abstract~ "oy experimenting with photo 

graph;, bv experimentln, " with li-ht sources and their effects. Exoeri 

ments originated by the students often prove most interesting, 

In learning colors the element of time must be considered, The stu 

dent should be enoouraged to reoord his opinions on color, then re~e 



a composition or buildin. - months or y, ars later to observe his owr develop 

ment in color analysis This is especially advisable for the student who 

has a poor color sense but insists his Padgmcnt is correct. (However~ 

who is to offer final proof that his color s. nss is poor?) 

The student should consider times too, as it relates to architectural 

practice. He should be~ to learn sanething of the behavior of the colors 

of building material- subjected to the test of time. 

It is always a good idea for the student to Dig into references for 

professional advice on colors but this io not enough. This student is 

supposedly a future practici. . ;, architect, practicing to please his cli 

ants~ 'Ad. s does not mean producinf, such monstrosities as the client may 

insist ons but rather pleasi:«. , the client by Doing a first-class sellir~ 

gob on what is good. architecture. In the case of color~ the student «dii 

do well to polI and note public opinion, A good color sense can best be 

developed by liste&dna to as many opinions as possible~ both cmatcur 

and professional, then drawing one's own conclusions, 

If the color of your architecture pleases the owner nous half the 

battle is won. But the other half is not won till next year when the 

owner declares once more that he is proud of the color, 
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